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[54] Invention Title: Method for preparing Ag 
catalyst for ethylene epoxidation 



[57] Abstract 

The invention refers to a process for preparing silver 
catalyst used for epoxidizing ethylene. It mainly 
solves the defects located at Ag catalysts made by 
previous preparative technologies, i.e., those catalysts 
having no high enough activity yet. In the invention 
alpha-alumina is treated as carrier by the solution or 
gas of alkaline substance. The amount of alkaline 
substance is 0.01 ~ 500% by weight percentage of the 
carrier, with treatment temperature of 30 ~ 800 °C and 
treatment duration of 1 ~ 30 hours. The carrier treated 
with alkaline substance is washed with water until it 
becomes neutral, drying to obtain carrier, and carrying 
silver and at least one kind of assistant chosen from S, 
Re, Mo, W, Ni, alkali metal, and alkali-earth metal. 
The loading amount of Ag is 5 ~ 40% of catalyst 
weight as counted by Ag, and the loading amount of 
assistant is 0.001 ~ 1% of catalyst weight as counted 
by element weight. The Ag catalyst prepared in the 
invention for production of EO has the advantages of 
low reaction temp, high activity and high selectivity at 
the same time. It can be used in industrial production 
of Ag catalyst for EO production. 
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1 . A kind of preparative method of Ag catalyst for ethylene epoxidation includes the following steps: 

a) With a-Al 2 0 3 as carrier, the carrier amount is 60 ~ 94% of catalyst weight. 

b) The carrier is treated by the solution or gas of alkaline substance. The amount of alkaline substance accounts 
for 0.01 ~ 500% by weight percentage of the carrier, with treatment temperature of 30 ~ 800 °C and treatment 
duration of 1 ~ 30 hours. The carrier treated with alkaline substance is washed with water until it becomes 
neutral, drying to obtain carrier of Ag catalyst. 

c) Ag is loaded to the carrier obtained in step b), with the loading amount of Ag accounting for 5 ~ 40% of 
catalyst weight as counted by Ag. 

d) Assistant catalyst is loaded before, during or after the Ag loading, and the assistant catalyst can be one or a 
mixture of which are chosen from S, Re, Mo, W, Ni, alkali metal, and alkali-earth metal. The loading amount 
of assistant is 0.001 ~ 1% of catalyst weight as counted by element weight. 

2. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 1, wherein the 
alkaline substance contains inorganic alkaline compounds, organic alkaline compounds or their mixtures. 

3. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 2, wherein the 
inorganic alkaline compounds can be the oxides, hydroxides, weak acid salts or their mixtures of alkali metals 
or alkaline earth metals. 

4. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 2, wherein the 
inorganic alkaline compound is NH 3 , which can be ammonia water, NH 3 gas, a mixture of NH 3 gas and air or 
a mixture of NH 3 gas and nitrogen. 

5. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 2, wherein 
organic alkaline compounds can be amines compounds, pyridine compounds or their mixtures. 

6. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 2, wherein the 
dosage of alkaline material is 0.05 ~ 300% of carrier by weight percentage. 

7. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 3, wherein in the 
treatment temperature is 50 ~ 500 °C and the treatment duration is 2 ~ 20 hours. 

8. According to the preparative method of Ag catalyst stated in Claim 1, wherein the alkali metals are Li, Na, K 
or Se and alkaline earth metals are Mg or Ca. 

9. According to the preparative method of Ag catalyst for ethylene epoxidation stated in Claim 1, wherein 
fluorochemicals is added into the raw material in preparation of step a), and the amount of fiuorochemicals is 
0.01 -20% of weight of A1 2 Q 3 as counted by F, followed by kneading, shaping and calcinations. 
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Method for preparing Ag catalyst for ethylene epoxidation 
Technology field 

The invention refers to a kind of preparative method of Ag catalyst for ethylene epoxidation. 

Background techniques 

The use of Ag catalyst in EO industrial production by ethylene epoxidation has been widely applied in industrial 
equipments. High activity and selectivity are the two important properties of Ag catalyst, while performance of 
carrier plays an important role in catalyst activity and selectivity. Ag catalyst is usually prepared by a-Al 2 0 3 as 
carrier, Ag as main active composition and a small addition of assistant catalyst. High active catalyst requires 
large Ag particle specific surface and large enough specific surface of carrier. However, if the specific surface is 
too large, it would bring out the problem of difficulty in heat dissipating of the reaction system, sharply promote 
deep oxidation and reduce the selectivity of product EO. To adjust the relationship between the activity and 
selectivity of catalyst so as to make the catalysts have both high activity and high selectivity at the same time, has 
been a key point of attention and research for a long time. In the present technologies, many patents refer to the 
Ag catalysts and catalyst carriers for EO production. However, although the Ag catalysts and carrier designed 
presently have been improved adequately with relatively high activity and selectivity, given the EO production 
scale, even slight improvements of the activity and selectivity of catalyst would bring very high economic benefit. 
As a result, there is still a demand for developing Ag catalyst with higher activity and selectivity in present 
technologies. 

US4742034 introduces a kind of preparative method of Ag catalyst for ethylene epoxidation reaction, wherein 
A1 2 0 3 with rich alkali metal is taken as carrier; alkali metals mainly in the form of fluoride or nitrate and F are 
added into the main body. The catalyst has relatively good selectivity and stability and the selectivity of catalyst 
containing F reaches to 81.2%, which is 2% higher than that of catalyst without F. 

EP716884A 2 introduces a kind of preparative method of Ag catalyst. Alkali metal is pre-soaked into the carrier, 
after heat treatments, it is loaded to the carrier, then the main body soaks Ag, Re, S, alkali metals etc. The aim of 
the pretreatment of carrier is to improve the initial selectivity and the stability of selectivity. With the prepared 
catalyst in this way used in ethylene epoxidation reaction, the selectivity can reach to 82% with long and stable 
selectivity. 

Chinese patent 95196582.4 (CN1168644A) provides a kind of preparative method of catalyst for epoxidation of 
ethylene to EO, wherein inert carrier is soaked into a kind of Ag/amine solution, after calcinations, Cs, Re, S etc 

assistant catalysts are brought in and they are calcinated at 100 °C above in inert gas. Material mixture composed 

of 7% 0 2 (V), 8% C0 2 , 15% C2H4, 70% N 2 goes through catalyst at the air speed of 5500h'', with the reaction 
pressure 21.69P. When the eluting concentration of EO is 1.5% (volume), the reaction temperature indicating the 

activity of catalyst activity is 228 ~ 259 °C, with the selectivity of 81 ~ 83.7%. 
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Chinese patent 00119774.6 introduces a kind of preparative method of catalyst carrier. Fluorochemical is added 
into the A1 2 0 3 raw material, after calcinations at high temperature, a-Al 2 0 3 is generated. Then it is kneaded and 
shaped with the additives e.g. pore-making agent, luting agent etc, through the second calcinations at high 
temperature, a-Al 2 0 3 carrier is made. If Ag catalyst prepared by the carrier is applied in ethylene epoxidation to 
EO has relatively high selectivity; however reaction activity of the catalyst is not high enough. In the condition of 
2.1 MPa reaction pressure and 70001T 1 air speed, when the EO concentration at the reactor outlet is 1 .4 mol%, the 

reaction temperature indicating the activity of catalyst activity is 225 ~ 230 °C. 

The abovementioned catalysts have relatively good selectivity, activity and stability, but reaction activity of the 
catalyst is not high enough. 

Invention content 

The technical problem to be solved in the invention is to overcome the defect of low reaction activity located at 
Ag catalysts prepared by the present documents and to provide a kind of preparative method of Ag catalyst for 
ethylene epoxidation. If the catalyst prepared in this way is applied in ethylene epoxidation reaction for EO 
production, it has the advantages of low reaction temperature and high reaction activity, and at the same time, high 
selectivity of catalyst is kept. 

In order to solve the above technical problems, the following technical plans are adopted in the invention: a kind 
of preparative method of Ag catalyst for ethylene epoxidation includes the following steps by turns: 

a) With a-Al 2 0 3 as carrier, the carrier amount is 60 ~ 94% of catalyst weight. 

b) The carrier is treated by the solution or gas of alkaline substance. The amount of alkaline substance accounts 
for 0.01 ~ 500% by weight percentage of the carrier, with treatment temperature 30 ~ 800 °C and treatment 
duration 1 ~ 30 hours. The carrier treated with alkaline substance is washed with water until it becomes neutral, 
drying to obtain carrier of Ag catalyst. 

c) Ag is loaded to the carrier obtained in step b), with the loading amount of Ag accounting for 5 ~ 40% of 
catalyst weight as counted by Ag. 

d) Assistant catalyst is loaded before, during or after the Ag loading, and the assistant catalyst can be one or a 
mixture of which are chosen from S, Re, Mo, W, Ni, alkali metal, and alkali-earth metal. The loading amount of 
assistant is 0.001 ~ 1% of catalyst weight as counted by element weight. 

In abovementioned technical plans, aluminum hydroxide, transient phase aluminum oxide or mixture of the two 
are used as material in a-Al 2 0 3 carrier preparation. Taking the cost of raw material into consideration, the optimal 
raw material of aluminum oxide is aluminum hydroxide, which can be one of alumina monohydrate, pseudo 
alumina monohydrate, alumina trihydrate or amorphous alhydrogel, or a mixture of two or above kinds of them, 
alumina monohydrate, alumina trihydrate or the mixture of the two are the optimal choices. 

Due to fluoride is favorable for forming A1 2 0 3 into a-Al 2 0 3 crystal in calcinations and remove the unnecessary 
micropores, and selectivity of catalyst is improved as carrier. In the preparation of a-Al 2 0 3 carrier in the invention, 
luting agent, pore-making agent and water are added into the A1 2 0 3 raw material, at the same time, a kind of 
fluorochemical can be addednon-compulsorily and then the mixed material is obtained, 
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wherein the addition amount of fluorochemical is 0.01 ~ 20% of A1 2 0 3 weight as counted by F, the addition 
amount of luting agent is 0.01 ~ 10% of A1 2 0 3 weigh, and the addition amount of pore-making agent is 5 ~ 50% 
of A1 2 0 3 . The fluorochemicals used include alkali metal fluoride, alkaline earth metal fluoride, NH4F, (NH4) HF 2 , 
AIF3 or HF etc, NH 4 F, wherein HF or A1F 3 are the optimal choices. The luting agents include nitric acid, 
alhydrogel, inorganic slime, French chalinoplasty, calcium-silicate, barium-silicate, barium aluminate, cellulose, 
methyl-, ethyl- or carboxyethyl cellulose, methyl stearate or ethyl stearate, waxes, poly-alkylene oxide etc. Proper 
pore-making agent includes carbon-containing material such as coke, carbon powder, graphite; powder plastics 
such as polyethylene, polystyrene, polycarbonate, rosin; cellulose and cellulose series of material; sawdust and 
other plant material such as powder hard shells e.g. carya shell, walnut shell and hazelnut shell etc. 
After the abovementioned mixed material is fully kneaded, it is made into certain shape, the carrier shape can be 

globular, mass, pill, cylinder, rasching, porous cylinder, clover etc. The above shaped carrier is dried at 60-200 °C, 

and through calcinations at high temperature, a-Al 2 0 3 treated with F or not is acquired. The stated calcination 

temperature is 1000 °C ~ 1700 °C and the optimal range is 1200 °C ~ 1600 °C, and the better range is 1300 °C ~ 

1500 °C. The calcination duration is 0.5 ~ 20 hours, the optimal range is 1 ~ 10 hours, and the better range is 1 ~ 6 
hours. Sometimes, the method for mixing a-Al 2 0 3 powder with different particle size is used to control the pore 
distribution of the carrier. 

After fluoridizing treatment, through calcinations at high temperature, the A1 2 0 3 has sheet-shape crystal structure. 
The width of sheet-shape crystal can be controlled at 0.1-30 urn by selecting proper initial A1 2 0 3 raw material and 
proper addition amount of fluorochemical, wherein the optimal range is 0.5-10 um, and the thickness is 0.1 ~ 4 
um, with the optimal range 0.1-2 um. 

The prepared ct-Al 2 0 3 carrier (including fluoridizing treatment or without fluoridizing treatment) should be treated 
with alkaline substance. The used alkaline substance includes all the compound which can be prepared into alkalic 
solution and alkalic gases, such as inorganic alkalic compounds, organic alkalic compounds or their mixtures, 
among them, inorganic alkalic compounds can be the oxides of alkali metal or alkaline earth metal, hydroxide, the 
weak acid salts of alkali metal or alkaline earth metal, such as carbonate, acetate, oxalate, carboxylic salt or their 
mixtures, the optimal alkali metals are Li, Na, K or Cs, and the optimal alkaline earth metal is Mg or Ca. The 
inorganic alkalic compounds can be ammonia, which has ammonia water and NH 3 gas two material states. The 
organic alkalic compounds can be amine compounds, pyridine compound or their mixtures, wherein amine 
compounds can be ethanediamine, cholamine, methylamine, ethylamine, amidobenzene or their mixtures, the 
optimal choice is ethanediamine, cholamine or their mixture, and pyridine compounds can be pyridine, and 
trimethyl pyridine etc. The amount of alkaline substance is 0.01 - 500% as counted by weight percentage of the 

carrier, and the optimal choice is 0.05 ~ 300%. The treatment temperature is 30 - 800 °C, the optimal choice is 50 

~ 500 °C, and the better choice is 80 - 400 °C. The treatment duration is 1 - 30 hours; the optimal choice is 2 - 20 

hours. Normally, the higher the treatment temperature is, the shorter the treatment duration is. 
Alkali treatment may adopt solution or gas of alkaline substance. When it is treated by alkaline substance solution, 
the preparation of solution is to dissolve 0.01 - 500% of carrier weight of alkaline substance into water, methanol, 
ethanol, and acetone or chloroform etc solvents as counted by carrier weight percentage, wherein the optimal 
solvent is water or ethanol, to make the prepared solution volume being able to fully soak the carrier at least. The 
volume ratio of solution to carrier can be 0.1 - 20: 1, and the optimal choice is 1 - 5: 1 . 
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The detailed alkaline substance solution can be LiOH aqueous solution, NaOH-methanol solution, KOH aqueous 
solution, CsOH-ethanol solution, ammonia water, Na 2 C0 3 aqueous solution, ethanediamine, cholamine, pyridine 
or trimethyl pyridine etc. When it is treated with gases of alkaline substance, the gases can be NH 3 gas, the 
mixture of NH 3 gas and air or the mixture of NH 3 gas and nitrogen, among them, molar ratio of air (nitrogen): 
NH 3 gas is 0 ~ 10: 1, to make gas passes through the carrier bed layer at a certain speed with treatment duration of 
1 ~ 30 hours. The introduced amount of alkalic gas is 0.01 ~ 500% as counted by carrier weight percentage. 
The treated carrier is washed for several times by water which may be distilled water or deionized water until the 

eluting liquid after washing is neutral, drying at 80 ~ 200 °C, and then obtaining the Ag catalyst carrier for EO 
production. The carrier acquired through the above method, its specific surface area is usually 0.2 ~ 1.5 m /g, the 
absorption rate is usually 0.2 ~ 0.8 ml/g, and the bulk specific gravity is 0.4 ~ 1 .0 g/ml. 

There are many ways to load Ag to the carrier treated with alkaline substance during the preparation of the 
catalyst in this invention. One way is to soak the carrier with AgN0 3 aqueous solution, and then reduce the Ag+ 
into metal Ag with hydrogen, hydrazinium or methanal; another way is to soak carrier with the ammonia water of 
silver oxalate or silver carbonate, drying and reducing the Ag+ into metal Ag. The optimal method is to soak the 
carrier with the mixture of a certain Ag salt-organic solvent/reductant-water, after that, reducing Ag+ into metal 
Ag through heat treatment. This method can load the metal Ag to the carrier in the form of highly dispersing thin 
particle shape. 

As the mixture of Ag salt-organic solvent/reductant-water, the Ag salt includes inorganic salt and organic salt e.g. 
AgN0 3 , Ag 2 C0 3 , Ag 2 S0 4 , AgCl, silver oxalate, silver acetate, silver lactate, silver succinate, and silver oxyacetate, 
and the optimal choice is silver oxalate. Organic solvent/reductant can not only be used as the solvent for Ag salts, 
but also reduce the ionic Ag into the metal Ag at the circumstance of heating. Organic amines, especially the 
alkanolamine, alkylidene diamine e.g. ethanediamine, propanediamine, cholamine, propanolamine and their 
mixture or the mixture with ammonia amine, can be adopted. Usually, there are two preparative methods for 
Ag-soaking solution, which can be explained through the following two examples. One example is that Ag 2 0 
reacts with the mixture of ethanediamine and oxalic acid to generate a kind of mixture containing silver 
oxalate-ethanediamine as Ag-soaking solution. Be sure to avoid directly putting Ag 2 0 into ethanediamine, 
because the generated Ag-ethanediamine solution is not stable and easy to cause explosion. The other example is 
that AgN0 3 solution and ammonium oxalate aqueous solution are mixed to generate silver oxalate sediment. The 
acquired sediments are washed by water for several times to remove the N0 3 ', then ethanediamine aqueous 
solution is used to dissolve silver oxalate sediment, and the acquired silver oxalate-ethanediamine mixture can be 
used as Ag-soaking solution. 

The carrier is taken out from Ag soaking solution, dried, and conducted with heat treatment. Hot gas goes through 
wet carrier, and removes the organic solvent and water in wet carrier; at the same time, Ag deposits on the carrier 
in the form of metal thin particle. The loading amount of Ag is 5 ~ 40% of catalyst weight, and the optimal choice 
is 10 ~ 20%. The heat-treatment gases can be air, nitrogen, oxygen, hydrogen, C0 2 , steam or their mixture. The 

heat-treatment temperature can be 80 ~ 700 °C, and the optimal choice is 150 ~ 500 °C. The heat-treatment 

duration can be 1 ~ 10 hours, and the optimal choice is 2 ~ 30 minutes. 
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Assistant catalyst can effectively improve the catalyzing performance such as selectivity, activity, stability etc. 
The assistant in the invention is selected from one of S, Re, Al, Wu, Ni, alkali metal, alkaline earth metal or their 
mixture, and the optimal choice is S, Re, alkali metal or their mixture. The loading amount of assistant catalyst is 
0.001 ~ 1% of catalyst weight as counted by the element weight, and the optimal choice is 0.03 ~ 0.1%. Among 
them, alkali metal is the most common assistant catalyst and Cs is the best. The proper alkali metal assistant 
catalyst materials are: nitrate of alkali metal, hydroxide, carbonate, oxalate, carboxylic salt, alkoxide or their 
mixture, the detailed examples are Cs 2 C0 3 , Rubidium Nitrate, KOH, sodium acetate and lithium oxalate. Assistant 
catalyst can be loaded to carrier before, during or after the loading of Ag into carrier. 

The catalyst prepared by this invention is applied in the reaction of ethylene with oxygen molecules to produce 
EO. The adopted technical conditions are similar with those recorded in common documents. The available 

conditions for Ag catalyst in this invention are: the reaction temperature is 150 ~ 300 °C, with the optimal choice 

200 ~ 300 °C; reaction pressure should be 10-40kg/cm 2 , with the optimal choice 15 ~ 30 kg/cm 2 ; the air space rate 
is 1 000-3 OOOOh' 1 , with the optimal choice is 3000-15000h. The composition of raw material gases can be 0.5 ~ 
40% ethylene, 3 ~ 10% oxygen, 5 ~ 30% C0 2 and few inhibitor, the others are inactive gases such as nitrogen, 
NH 3 gas, steam or low-grade hydrocarbon such as CH4 and C 2 H 6 . The inhibitor in raw material gases can adjust 
the reactive performance of catalyst to some extent, usually halide or compound containing nitrogen is adopted, 
wherein the halide can be chloride, bromide, fluoride or iodide such as dichlorethane, chloroethane, ethylene 
bichloride, vinyl chloride, monochlorobenzene and dichlorobenzene, and nitrogenous compound, e.g nitropropan. 
Every million shares volume material gas contains 0.1 ~ 20 shares volume of inhibitor. 

Activity is an important property of Ag catalyst. Activity means the EO concentration at the reactor outlet at the 
fixed circumstances (e.g. temp, pressure, air speed etc). That is to say, the lower a certain temp needed for EO 
concentration, the higher activity the catalyst has; the higher the reaction temperature is, and the lower activity the 
catalyst has. The activity of catalyst is expressed by the degree of temperature. 

The key to this invention is that liquid or gaseous alkaline substance is used to treat a-Al 2 0 3 in certain condition, 
after alkali treatment, alkalic material e.g. cations of alkali metal and alkaline earth metal and anions e.g. OH" etc 
do not stay in carrier, through several times' washing, they are removed from the carrier. The aim of alkali 
treatment is mainly to adjust the carrier surface and inner micropore structure to generate a large number of high 
energy points on carrier surface and greatly improve the reactive performance of a-Al 2 0 3 as Ag catalyst carrier. 
Ag and some assistant agents are loaded to carrier during alkali treatment. The loading amount of AG is 5 ~ 40% 
of catalyst weight, and the assistant can be S, Re, Mo, W, Ni, alkali metals, alkaline earth metals or their mixture. 
The loading amount of assistant is 0.001 ~ 1% of catalyst weight as counted by element weight. Then Ag catalyst 
for ethylene epoxidation is made. 
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The carrier of the Ag catalyst prepared by this invention, through alkali treatment, contains a large number of high 
energy points on its surface and makes the Ag and assistant catalyst loaded on those high energy points appear 
higher reactivity. The catalyst is applied in ethylene epoxidation for EO production, in the situation of fixing EO 

concentration at the reactor outlet, the reaction temperature of catalyst is 10 ~ 20 °C lower than that made by 
present techniques, and the activity of catalyst is improved greatly and high selectivity is kept at the same time. In 
addition, fluorochemical is added in the preparation of a-Al 2 0 3 carrier in this invention, the selectivity of catalyst 
prepared by carrier after fluoridizing treatment is higher than that of catalyst prepared by carrier without fluori 
dizing treatment. As a result, the reactive performances of the whole catalyst are improved and relatively good 
effects are obtained. 

Further explanations are made for this invention through the following examples. 

The detailed implementation mode 

[Example 1] 

1 . Preparation of carrier A 

500g alumina monohydrate powder material is added into kneading machine, and 125g graphite, 3g 
calcium-silicate, 160g water are added and fully kneaded and extruded into rasching with external diameter 8mm, 
inner diameter 4mm and height 6.4mm. It is dried at 120 °C and calcinated at 1500 °C for 4 hours, and then 
rasching shape a-Al 2 0 3 carrier is acquired. 

lOOg a-Al 2 0 3 carrier is added into KOH aqueous solution (with 0.05g KOH dissolved in 100ml water) and treated 
for lOhours at 300 °C. After cooling, deionized water is used to wash the carrier repeatedly until the eluting liquid 

is neutral, drying at 120 °C. 

2. Preparation of catalyst A: 

59.1g AgNOj is weighted and dissolved in 200ml water. In addition, 26.8g ammonium oxalate is taken and 
dissolved in 364ml water. The abovementioned two solutions conduct sedimentary reaction at 40 °C, and the 
acquired silver oxalate sediment is washed with deionized water and filtrated. The filter cake of silver oxalate is 
washed by ethanediamine aqueous solution composed of 32.8ml ethanediamine and 32.8ml water. 0.1 15g Cs 2 C0 3 
and water are added to prepare silver-ammine solution. Carrier A is excessively soaked into the abovementioned 
silver-ammine solution in vacuum; wet materials are taken out and dried in air. Then it is put into heat decomposer 
and swept by hot air for 8minutes at 260 °C, after that, it is taken out and catalyst A is acquired. Catalyst A 

contains 13.0% Ag as counted by weight and 326ppm Cs. 

3 . The reactive performance test for catalyst A : 

10ml micro-reaction evaluation system is adopted, catalyst is broken into 10 ~ 20 mesh, 10ml is taken out and put 
into the stainless steel reactor with inner diameter of 8mm. The performance test for ethylene epoxidation reaction 
is done in micro reaction evaluation system, the related reaction conditions are as following: 
Raw material molar composition: 

C 2 H 4 :28% O z :6.4% C0 2 : 5% Inhibitor: trace N 2 : the rest 

8 



Specifications 



Pressure: 2.1 MPa (gauge pressure) 
Air-speed: 7000 h" 1 

EO concentration at outlet: 1.4 mole % 

The reaction results of catalyst A for ethylene epoxidation are shown in table 1. 

The following applied methods for catalyst performance test in Examples 2 ~ 7 and Comparison Examples 1 ~ 2 
are the same with that in example 1 , and the reaction results can be seen in table 1 . 

[Comparison Example 1] 

1 . Preparation of carrier A i 

500g alumina monohydrate powder material is added into kneading machine, and 125g graphite, 3g 
calcium-silicate, 160g water are added and fully kneaded and extruded into rasching with external diameter 8mm, 
inner diameter 4mm and height 6.4mm. It is dried at 120 °C and calcinated at 1500 °C for 4 hours, and then 

rasching shape a-Al 2 0 3 carrier A, is acquired. 

2 . Preparation of catalyst A i 

Do not conduct carrier A, with any alkali treatment, prepare catalyst A, according to the same method stated in 
Example 1, and the difference is the change of Cs amount Catalyst A t contains 13.0% Ag as counted by weight 
and 290ppm Cs. 

[Example 2] 

1 . Preparation of carrier B : 

lOOg a-Al 2 0 3 carrier in example 1 is added into the Na 2 C0 3 aqueous solution (with 50g Na 2 C0 3 dissolved in 
500ml water) and treated at 300 °C for 10 hours. Cooling down, washing the carrier with deionized water until the 

eluting liquid is neutral and drying. 

2. Preparation of catalyst B 

Catalyst B is prepared according to the method stated in example 1, the differences are that carrier A is replaced 
by carrier B and the amount of Ag and Cs in catalyst is changed. The prepared catalyst B contains 20% Ag as 
counted by weight and 250ppm Cs. 

[Example 3] 

1 . Preparation of carrier C 

900g alumina monohydrate powder material is added into kneading machine, and 225g graphite, 4.5g 
calcium-silicate, 0.5g ammonium fluoride and 290g water are added and fully kneaded and extruded into rasching 
with external diameter 8mm, inner diameter 4mm and height 6.4mm. It is dried at 120 °C and calcinated at 1400 



°C for 4 hours, and then rasching shape a-Al 2 Q 3 carrier is acquired. 



lOOg a-Al 2 0 3 carrier is added into KOH aqueous solution (with lOg CsOH dissolved in 500ml water) and treated 
for 2hours at 500 °C. After cooling, deionized water is used to wash the carrier repeatedly until the eluting liquid 

is neutral, drying at 120 °C. 
2. Preparation of catalyst C 

59. lg AgN0 3 is weighted and dissolved in 200ml water. In addition, 26.8g ammonium oxalate is taken and 
dissolved in 364ml water. The abovementioned two solutions conduct sedimentary reaction at 40 °C, and the 
acquired silver oxalate sediment is washed with deionized water and filtrated. The filter cake of silver oxalate is 
washed by ethanediamine aqueous solution composed of 32.8ml ethanediamine and 32.8ml water. 1.5ml 
0 0627g/ml perrhenic acid solution, 0.0495g (NH^SCU, 0.143g Cs 2 C0 3 and water are added together to prepare 
silver-ammine solution. Carrier C is excessively soaked into the abovementioned silver-ammine solution in 
vacuum; wet materials are taken out and dried in air. Then it is put into heat decomposer and swept by hot air for 8 
minutes at 260 °C, after that, it is taken out and catalyst C is acquired. Catalyst C contains 13.0% Ag as counted 
by weight, 243ppm Re, and 41.7ppm S and 405ppm Cs. 

[Comparison Example 2] 

1 . Preparation of carrier C i 

900g alumina monohydrate powder material is added into kneading machine, and 225g graphite, 4.5g 
calcium-silicate, 0.5g ammonium fluoride and 290g water are added and fully kneaded and extruded into rasching 
with external diameter 8mm, inner diameter 4mm and height 6.4mm. It is dried at 120 °C and calcinated at 1400 
°C for 4 hours, and then Rasching shape a-Al 2 0 3 carrier Ci is acquired. 

2. Preparation of catalyst Ci 

Do not conduct carrier C, with any alkali treatment, prepare catalyst C, according to the same method stated in 
Example 3, and the difference is the change of Re, S, Cs amount. Catalyst C, contains 13.0% Ag as counted by 
weight and 2 1 5ppm Re, 50.0ppm S and 445ppm Cs. 

[Example 4] 

1 . Preparation of carrier D 

lOOg a-Al 2 0 3 carrier in example 3 is added into 200ml 25% ammonia water and treated at 50 °C for 25 hours. 
Cooling down, washing the carrier with deionized water until the eluting liquid is neutral and drying at 120 °C. 

2. Preparation of catalyst D 

Catalyst D is prepared according to the method stated in example 3, the differences are that carrier C is replaced 
by carrier D and the amount of Ag, Re, S and Cs in catalyst is changed. The prepared catalyst D contains 15.0% 
Ag as counted by weight and 306ppm Re, 8 lppm S and 600ppm Cs. 



10 



02112439.6 



Specifications 



9/10 



[Example 5] 

1 . Preparation of carrier E 

400g alumina monohydrate powder material and 200g alumina trihydrate are added into kneading machine, and 
90g graphite, 3g calcium-silicate, 6g ammonium fluoride and 190g water are added and fully kneaded and 
extruded into rasching with external diameter of 8mm, inner diameter of 4mm and height of 6.4mm. It is dried at 
100 °C and calcinated at 1460 °C for 4 hours, and then rasching shape a-Al 2 0 3 carrier is acquired. 
lOOg a-Al 2 0 3 carrier is added into 300g ethanediamine and treated for 20hours at 100 °C. After cooling, deionized 
water is used to wash the carrier repeatedly until the eluting liquid is neutral, drying at 150 °C. 

2 . Preparation of catalyst E 

Catalyst E is prepared according to the method stated in example 3, the differences are that carrier E is replaced by 
carrier C, ammonium sulfate is replaced by ammonium molybdate, and the amount of Ag, Re and Cs in catalyst is 
changed. The prepared catalyst E contains 10.0% Ag as counted by weight and 280ppm Re, 65ppm Mo and 
283ppm Cs. 

[Example 6] 

1 . Preparation of carrier F 

600g alumina monohydrate powder material and 600g alumina trihydrate are added into kneading machine, and 
300g graphite, 6g calcium-silicate, 24g ammonium fluoride and 380g water are added and fully kneaded and 
extruded into rasching with external diameter 8mm, inner diameter 4mm and height 6.4mm. It is dried at 120 °C 
and calcinated at 1460 °C for 4 hours, and then Rasching shape a-Al 2 0 3 carrier is acquired. 

Takes lOOg a-Al 2 0 3 carrier, and introduces the mixed gas of NH 3 gas and air at 200 °C, the (molar) ratio of air to 
NH 3 gas is 5: 1, and air speed is 18 1/h for 10 hours. After cooling, distilled water is used to wash the carrier 
repeatedly until the eluting liquid is neutral, drying at 150 °C. 

2 . Preparation of Catalyst F 

59.1g AgN0 3 is dissolved in 200ml water. In addition, 26.8g ammonium oxalate is dissolved in 364ml water. The 
abovementioned two solutions conduct sedimentary reaction at 40 °C, and the acquired silver oxalate sediment is 
washed with deionized water and filtrated. The filter cake of silver oxalate is washed by ethanediamine aqueous 
solution composed of 32.8ml ethanediamine and 32.8ml water. 1.8ml 0.0627g/ml perrhenic acid solution, 0.180g 
tungstic acid, 0.1 85g Cs 2 C0 3 and water are added together to prepare silver-ammine solution. lOOg carrier F is 
excessively soaked into the abovementioned silver-ammine solution in vacuum; wet materials are taken out and 
dried in air. Then it is put into heat decomposer and swept by hot air for 8minutes at 260 °C. After that, it is taken 
out and treated for 4 hours in the atmosphere of hydrogen, then catalyst F is acquired. Catalyst F contains 13.0% 
Ag as counted by weight, 291ppm Re, and 460ppm Wo and 525ppm Cs. 
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[Example 7] 

1 . Preparation of carrier G 

lOOg a-Al 2 0 3 carrier in example 5 is added into 200g pyridine and treated at 400 °C for 5 hours. Cooling down, 

washing the carrier with distilled water until the eluting liquid is neutral and drying at 150 °C. 

2 . Preparation of catalyst G 

Catalyst G is prepared according to the method stated in example 6, the differences are that carrier F is replaced 
by carrier G, tungstic acid is replaced by ammonium molybdate and ammonium sulfate, and the amount of Ag, Re, 
and Cs in catalyst are changed. The prepared catalyst G contains 14.0% Ag as counted by weight and 410ppm Re, 
92.0ppm Mo, 32.0ppm S and 700ppm Cs. 



Table 1 The reaction results of catalysts for ethylene epoxidation 





Catalyst 


Selectivity % 


Reaction temperature °C 


Example 1 


A 


82.3 


215 


Comparison 1 


Ai 


82.3 


225 


Example 2 


B 


86.4 


216 


Example 3 


C 


86.3 


221 


Comparison 2 


c, 


86.1 


235 


Example 4 


D 


86.2 


225 


Example 5 


E 


86.3 


218 


Example 6 


F 


86.1 


215 


Example 7 


G 


86.2 


223 
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mum 



ajwo-tmtft, mfamm%mikfrmmto 6o~94% ; 

£^Mffl*WgMtt#W#ttif-^ 0.01-500%, ^bSM^t 30-800*0, &3If#rB] 1-30 

eyes, b ^mff ntt«±fttt4B. ^w^»iu^T+^#^m*6<i 5~4o% ; 
o.ooi—i % 0 

W«^a*W^tbit^J 0.05-300% o 

7,«ig#f!j3l# 3 ^^Z.«3^^«m*JW«iJ#^.^4#fiE«^Ah3aiafi* 50- 

500°c, Ikimmih 2~20<hRt. 

&mm*&mA^mtt>&v>i, ^m.it^mminAmumif^m.itmnmm 0.01-20%, 
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mi/ios 



««<fc*JWW^«5fttlB. ftffttjMS^SKMf^M. m 

US4742034 ^fflT-#Z,»JF*WfcfiJStW««ft»HH*^fe. teffiW^&Mftmtfc 

#*«Mk*ia#ttiSa 81.2%, It^M^JiftmilA 2 

%. 

EP716884A 2 ^T-#«ffi^J^^T)*, ^gctt+^St^&JS, ^&*bffl, ^ 

82%, ^AW-fe»lft^Wias#tt. 

+ B^*iJ 95196582.4 (CN1168644A) ««T— #ffl^Z.»*4fc*SFftZ*^5«fllft;*J 

tt^J, T lOOlCl^fBtt^m+JRflS. * 0 2 7%(V), 8%C0 2 , 15%C 2 H4> 70%N 2 &/£MJ£ 

Mi^m 55<x>h- 1 zmmsMftm, Btmmti 21.59 e, ^^jm^m^ 1.5% c# 
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«> *r. ttmmttfflts&m&mumz} 22S-259V, mgH$*8i~83.7%o 

+m^m 00119774.6 ^«BT-ft4Sflfi^j*#a«i«#56rtt. ^^^^jpa^- 

*F&Z.£gfijBZ, Mt^lWtt- {BfgttflJ&jBZiSttfcWJS, ^S/S£E^! 2.1MPa 
JSttW&jSmJK* 225-2301C. 

^JfttZ,^, ^W&jScMJSffic, fi^iSttftftrtft^, RBf«»flHfc*JWftj*#tt. 

a)!2Aa-*MfclS*tt#, if ffli^WJIifi<J60~94% ; 
tt4Mffl*WfH£SAW#lfcit;*7 0.01-500%, ^hSM^ 30-800'C, 1-30 

cytEb&m®m#imi*±frm&. ^m^mmu^^mitmmmm 5-40% ; 

MMMtt} 0.001 -i% 0 

ttttf£ftfflfcfrjft&IM9:. *«W«W*a-*lfc4B«#»t. ^*t{fcffiJS»*JnA«r^*j, 
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iraASWIfCtt&fctt^MM 0.01-20%, ttf$mimAA%m.it&m.mto o.oi~io%, sc 
nMM\Am%m.tt>mmmto 5-50% : ^mm^mit^m^mm±mm.it^j, m±&mm. 

, NH4F. (NH4)HF 2 . AIF,*HFW, tt3*3Rffl«;ik«Cs fcttlMMUMg: {£fflfft& 

^M-a»WR, tsias »U£±> &mt. %Kf§. e£®#u <gmu ^mmz, 
Afi«ft. Bp«aieiKttatt7fiiKtt9na-ftfb«tt#. #r&&#g?a£*j 1000'c- 

1700°C, 1200'C-1600°C, Mt&ft&mm 1300°C-1500r, 0.5-20 

'hat, tt&mSi-iO'Mtf, 3E»tt;j4fSffl t-e^aj-o W*t, te^a&ffl^ftfiWa 

^oinA^^M^^*, ^&JS#J>M*A#*ft* 0. 1-30 ft*, ttMffl^ 0. 5-10 
ft*: J&SLfcO. 1-4 ft*, Mia^0.1-2» 

^> m.m.<iyj, m&m&mmm±&mM®m$k, mmm&. mm&, &m&, mum 

micimWMM'g frtt.it % 0.01-500%, Vti& 0.05-300%, JhilS 30~800°C, fftj& 50- 
500°C, H2KHfti&80— 400TC, #bSfrt[Sj 1-30 /jNHt, ffci£2-20'h*f, — J»*%Ah3gSS 

Sft", #fcttKlMA#!a8{*m*H#lfctt-* 0.01-500% WWtt«rM*»lSE*, 
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& m 4§ ^4/105X 



#. »*^«#W#«tfcflTW* 0.1-20:1, 1-5:1, ttfflftA#tttt4ft/M*K?>m 

«, Mfb«c««^ a*4kw**«. «c** 

mmfc\&% 0-10:1, &3H*fSJ* 1-30*11*, 

MAMWi&#M;H#fctihfc 0.01-500%. 

Ittgcft, £fcfc*ffi«-*fc 0.2-1.5 * 2 /£, 0.2-0.8 *fcM-« 

^7 0.4-1.0 £/2i?K 

ma. in«tt«. twfc«. z>mm, %m&. t— z>m 

z,=.m, num. z*mm. mmm, rmm^mmm^^m^mim^m, «« 

***ffl»E«3ETS**lH». ^rmailKTPf^W^ittW. -'M* : F*«!»«fc«^Z,= 

40%, io~2o% . ^m^:#piiu^^> a^c. -$t*«> mnm 

-ziimmsvuo mtttmu&Biizxmm 8o~7oo°c, ^iso-soo-Co MsttraRrumffl 
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mm*M o.ooi~i%, 0.003 -0.1%: n^m^m^-mm^m^mmitM, 

150-300'C, ^^200~280*C; B.®.B.1l& 10-40 ^jS/^JE*. 15-30 =t 

jE/^ffi*; ^fo^mW^lE. 1000—30000 'W 1 , ^M^E. 3000—15000 'Wo 1^*4^ 
W#«fflj«Rry*i 0.5~40%WZ,#, 3~10%M^; 5-30%^-^.^. 4>*lttttJ#J 

zj$> -actt^u -«c^. #«4fc-&<fein«y£^. «W^#«WJ^m+^ o.i- 

20 Mfsfi<)«)WJ. 

pTWJiS, Re, Mo> W. Ni> U&M. «±^M^ 1 &fllW«^«l. WJ^7C^S*^W^ 
Slftttttfflltttt 0.001-1%, $m*S9IZ»»3EfWfc««lfcJfU. 
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ik.mm^z.m^m.it^^^m.^, ^m^&^L^u^m.^'m^mmmur, Bit 

m-7km,ik&nw5oo?LSTm%itii< : $>, iux^mns^ mmmsft, *i6oj£, 

w a -m^vc^mw ioo tnKmMfrm*mm (0.05 ^mM.\tmm^ 100 g?bK> » 
■?3ootcm io/h^o n-^m, m&i%^7kfcMm&mttmmmmy=)*®i, ? uov^-m. 

mmm®. 59.1 tim? 200 mftyk** Bm&m® 26.8 364 ^^tk^o ±& 

i^ffl 32.8 ^Z,-jK^0 32.8 ^TKWZi-JK^^Mo JqA5£&ffe 0.115 »]7K, 

frM%&*, ffl26o°c^^^8^, nmitmAo mvcm a ^a«T+^ 13.0% 

tftfg, 326ppm tfj^fe,, 

3> fi^j a tft&mmm^ 

%m 10 mftmm fc&immm, ^m^mmwm 10-20 e, ^ 10 ^^a^^ s 

C2H4: 28% 0 2 : 6.4% C0 2 : 5% *P»J: ^* N 2 : 
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jBE#: 2.1MPa(^JE) 
Sag: 7000 'btt' 1 

fllitM A WZ.»Sf#Mfc&jSS*iSL* l. 

urmmm 2-7, m«M 1-2 *y#w«4tjfyttiB38«^r^^jfi^ 1 Wtttfe«9«* 

U «MHRttA|. 

«-**tfli«S»« 500 jMiFfiMl*. MAX^ 125 3£. 3 3£. * 160 £, 

^Sfn, «rffij«^8**, (^^41*. A6.4«^&937. 120*C#HS 1500"C^ 
#6 4 /hut. #Slt4M^a-flffc««#A,. 

^&^ffeltt/8S, flHfeffJA,(5Jl«*Th^l3.0%W«, 290ppm fi<J*feo 

E&JM2] 

1> «|«tt#B: 

1 W a -ft#,|g^#: 100 j£, lnA*«4ft*«F* (50 gattflMftftFi 1 500 M3\ 
. ^300'CT^hS 10*11*. ffl*W?7Kfi*«**tt#M*m**+tt. ^Hft. 

2. 4!»|jB: 

^wffl*. mnmmitMBwnj\-<&2vmm. 250p P m e<jife. 

I£S£#J3] 

JR-zk*ft4S*m900£«^£*l*l*. ftlA5M225 3£. ffitt«4.S3£. *CflittO.S 
£. * 290 £, jte^fiff, «rff/*#ft8*#, 4 **. ft 6.4 . 120 

& a ioo;£, ipA&fMfcffez,g#«[ (io£MMMfe*^ soofcfl-ZJ* 
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Mo 

& 59.1 j£5»g^ 200 I^t. 26.8 364 ^?bK*. ±&PS 

ft 32.8 mftZt-fcm 32.8 *^-*WZ.-KtK#«[#JW. taA&jg* 0.0627 %l3kftfaHb<& 

mmw.i.5mft, ^mm 0.0495 *s, 0.143^:, sin*, 

C ?£*3!Ti4*««±a*W«K»^*, WttiaMBHBT, &A&4H?***, ffl 260°C&£ 
8 Ifcifc, nmitM C.mim C EAMtJ-^ 13.0%ltt*B, 243ppm ft*. 41.7ppm 
ffiftK. 405 PP m#j|feo 

Ifcfc8«2l 

K «I4HR{4cCii 

fta-*l«i«»»900i£3M a »Bl«l+. *PA5*225 3£,aK«4.5 JSS. JMMK0.5 J£. 
tK290j£, %5HM. «Fffi*««8«*. *&4**»i8[BSF. 12O1C0WP. 

1400'C^4/hBt, »PJtlB|Jftta-fl4b«ftflcCi. 

2, «4HWfb«iJCii 

t&^l*> ffeftj/B*. ^tttfU C, UJtMTt"£ 13.0%ftj*g, 215 PP m#H*, 50.0ppm6<ll. 
445 PP m fKtffe. 

I^M#»J4] 

^Mm*fo«-mwssmw\w-&. JnAfi*^jg^25%e<i^7K2oo^, tso 

•CTM25/>Bf, ffi*K : f7KSS«t*«ffM«£aj«[*'ftt, 120'C^ o 

2, *J#(Stt;5WD: 

§?t> &mm, mnttmmiD&miTt^is.wM®, 306 PP mim 8i PP mim 
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jR-zK#wtfs*m 400 nm=fcm t w&®w 200 jsg^gipm*. jqA^g 90 ^> 

S^f5 3 3£, fMfc«6£, 190 3fc#g*0, iff/S^8i*. rt®4«*. 6.4 
**Wtfel5Jf. 100°C^, 1460°C&*!g4*ftt, ^IlJfe®^a-^^^ 0 

Jfca-$MMS®#100£, ijnAZ,-^300^, ^100TCTAbS20/>B^ o **PJ5, ffl 

2, «t#fllifc»jB. 

gc^jfi^i 3 MxmM&miim e, ^rottMftftEftttftftc, ffleatftfttfii 

ft«. BS«flHfc«l+«, ^> «B«tfS*» ««fl(|«{fc»E&S»t^-10XM9«. 280ppm 
ffjSfc, 65ppm#j|g, 283ppmftM. 

ir— 7k«ifc*s*m 600 ^ifp=zKftifce»^ 6oo RS:f-m%itii* , an JK&m 300 

6^K^5, 24^HC{fcK, z|C380j£, 3fc#fi*D, SfffiMftSS*, rtft4«*, i^6.4 
**Wt4H35F. 120°C#^F, 1460TCfcjBS4<h&t, ftgl&ZgSFtt a -*tik«*<*. 

jRioo^a-fufctsiM*, T2oo-craA^fp^6«jM^#. ifentft-n c*^c) 

+ T 150*0^., 
2, «#{Kik»JFi 

« 59.1 ftmmzmT 200 ai^**, auraus 26.8 364 

m 32.8 mftZs-&m 32.8 a^*wz»-K7K*«»j», inx^jg^ 0.0627 

em o.iso^:, nioA^ife 0.185 yz, ntiaA, m&mm*'km. «sc 1003s 

i^asm %tb. sa^T4oo-c^h3S4/h^, ^«^jf 0 AHWRiFejiMtTt- 

13.0%fftfg, 291ppm|ft^, 460ppmlft£|, 525ppm ftjffcc 
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"ft W 4$ IglO/lOM 



K «NHK*G, 

&&jWJ 6 ft a ioo iPAPH:^ 200 3£, ^ 40or 5 /JM!* . 

fflJI«4c&JtiJl5*tt#S«Ka**«ftt, ^150'C^o 

#l£fE, 92.0ppm#Jli, 32.0ppm ftlStE, 700ppm ftjffe- 
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82.3 


225 


^WJ2 


B 


86.4 
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86. 1 


235 
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86.2 


225 
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86.3 


218 
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86.1 


215 
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86.2 
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